Abstract. Water supply access in many developing countries is yet to fulfill Millennium Development Goals. Many local governments are incapable of managing their water resources either due to funding constrains or lack of adequate work force. This often results into poor services with low quality, insufficient and inconsistent delivery of water, leakage and wastage creating water shortages. The water stress resulting from urbanization is more acute in terms of Dhaka city due to its capital city-centric development strategies attracting rural-urban migration, which have resulted into an unplanned horizontal and vertical expansion of the city without having facilities for relevant infrastructures. Therefore, it is important to carry out a risk assessment on existing water supply distribution systems to address the challenges of frequent leaks contributing to cross contamination and system loss arising from unplanned development and aging of pipes. The objective of this study is to identify the physical risk for various zones under Dhaka City based on existing distribution systems and its susceptibility to leakage. The assessment requires analyses of distribution system, its length, number of leaks in the pipes detected every month, population density, number of consumers, characteristics of areas whether industrial or residential areas, low lying and vulnerable to flooding. The study finds that Zone IV possesses a very high risk due to an average leak of 93 per month with 1,571,960 people are exposed to vulnerability while Zone II, III, V, VI having average monthly leaks of 39, 36, 26, and 34 respectively are high risk zones.
Introduction
It is estimated that as many as 768 million people lack access to potable water in the world [1] . Easy access to potable, safe and affordable water is one of the most important criteria for human survival. It ensures social, and economic growth, promotes health and overall welling being of human being. It is estimated the number of vulnerable cities facing serious water crisis will go up from 25 to 32, representing a 28% increase by 2040 [2] . It has been very cost effective to improve health and living condition through comprehensive management of drinking water supply and sanitation [3] . It is projected that return on investment on water and sanitation services is $5-$28 for each $1 invested in developing countries [4] . It is thus important for the water experts and specialists to convey this important message to the politicians and decision makers. Therefore, the law-makers can be motivated to invest more in water related projects compared to structural projects [5] . The safe water supply can ensure sustainability for development in rural and urban environment [6] . It will substantially reduce the loss of lives resulting from water related diseases and reduce burden on limited health services, particularly in developing countries. According to the UN-Water report [7] , diarrhea alone is responsible for the death of five thousand children each day. The target for Millennium Development Goal (MDG) is yet to be achieved in urban areas of many developing countries due to rapid growth in unplanned fashion [4] . In fact, there was an increase to 149 million people from 111 million people in urban areas without access to suitable drinking water [8] . Nevertheless, the percentage of people having access to piped water supply increased from 51% to 54% for Southern Asia as shown in Fig.  1 . Many local governments are incapable of managing their water resources either due to fund constrains or lack of adequate work force. This often results into poor services with low quality, insufficient and inconsistent delivery of water, leakage and wastage creating water shortages. Water supply access in most developing countries is complex [9, 10] . Increasing standards of living and population growth are the driving forces for increased domestic water use and it is projected to increase by 130% by 2050 in developing countries [1] . Population growth, economic development and climate change are the driving forces [11] for temporal and spatial variability of availability of water [12] aggravating water crisis and leading to water scarcity. The rapidly increasing demand for water is a major challenge to sustainability and short term solutions often leading to serious long term problems [13] . The problems are very acute in densely populated slum areas of the developing countries. Urbanization is occurring throughout the developing world at alarming rate of which 40% is the expansion of slums [4] and its population in Africa and Asia will double by 2030 [14] .
In 2014, 54% of the global population which is 3.9 billion lived in cities [15] . The problem of urbanization is more acute in Dhaka city due to its capital city-centric development strategies attracting rural-urban migration which have resulted into an unplanned horizontal and vertical expansion of the city without having facilities for relevant infrastructure [16] . Outbreaks of cholera and other water related diseases still possess a challenge in poor peri-urban and slum areas due to migration of rural people to urban areas [8] . In developing countries, water supply is provided to secure sufficient amounts of treated water of good quality [17] . Many households do not have piped water supply and have to rely on community based water sources. These include a variety of small point water supplies such as boreholes with handpumps, protected springs and dug wells [18] , public taps, water purchased from vendors [19, 20] . A water crisis in the future will occur not because of actual physical scarcity of water rather because of continuing neglect of proper wastewater management practices [21] .
According to BS 7799:1999 Part 1 risk assessment is defined as assessment of threats to, impacts on and vulnerabilities of information and information processing facilities and the likelihood of their occurrence. Risk assessment examines the severity or magnitude of risk to human health posed by contaminants [22] . A risk assessment report can be either quantitative or qualitative. In quantitative risk assessment, the probabilities of various adverse events and the likely extent of the losses, if a particular event takes place, are numerically determined. The risk assessment in developing countries possesses major challenges as the water supply distribution systems expand in an unplanned way and aging of pipes results into frequent leaks contributing to cross contamination and system loss. The objective of this study was to identify the potential physical risk to distribution system of Dhaka Water Supply and Sewage Authority (DWASA).
Risk Assessment Method
Risk assessment method includes the assessment of existing water supply distribution, potential sources to hazards. The assessment requires analyses of distribution system, its length, number of leaks in the pipes detected every month, population density, number of consumers, characteristics of areas whether industrial or residential areas, low lying and vulnerable to flooding. These data are collected and analyzed for preparation of risk maps. The number of leaks each month is collected with potential number of consumers which may be affected during leaks are determined. The details of the method is explained under the section Risk analaysis.
Case Study Area
The task of ensuring safe and sustainable drinking water for Dhaka city with a population of 14 million is getting difficult. The growth of population, economy and industry is a challenging factor for authorities like DWASA. The water supply is largely dependent on ground water, which is now seriously depleting. The peripheral river is highly contaminated due to unplanned industrial growth and poor sewage treatment facilities. It is becoming a difficult task for DWASA to find suitable location for intake of water.
Sources
Groundwater supplies are diminishing, with an estimated 20% of the world's aquifers being over-exploited [1] . The demand for water supply in Dhaka city has increased from 150 MLD (million litre per day) to 2240 MLD from 1963 to 2012 with number of deep tubewell increased from 30 to 622 over the same period. DWASA can supply only 2180 MLD against a demand of around 2240 MLD [23] . About 87% of Dhaka's water supply is coming from groundwater. Production capacity of surface water treatment plant is 535 MLD out of which 450 MLD is from Saidabad Water Treatment Plant, 39 MLD of Chadnighat Water Treatment Plant and 46 MLD of Narayanganj Water Treatment Plant. Apart from the rapid decline in groundwater table in Dhaka city the flow of river in Old Bhamaputra and Dhaleswari have reduced from 10% to 4% of flow from river Jamuna. Most importantly, these perennial distributaries have become seasonal distributaries causing acute shortage of water during the dry season. The rivers are also badly affected by municipal and industrial wastewater.
Distribution System
DWASA distribution system has pipeline of nearly 3040 km. The total number of consumers for DAWASA is residential 288,401 (92.71%), commercial 19,872 (6.39%). Piped water supplies are generally distributed according to three levels of services: house connections, yard connections and public standpipes. An assessment on the distribution system comprises of the types of materials used, age and size of the pipes and the location of the area susceptible to flooding. The system loss for Dhaka city is 28.8% [23] . Contaminated groundwater leaking into pipes is a major concern in the pipe network system of Dhaka city. This risk can be assessed by analysing the condition of the pipe such as age of the pipe, how rusty it has been; looking at pipe joints, pipe diameter as smaller pipes susceptible to beam failure; lengths to detect longitudinal breaks; materials type and corrosiveness of the soil. It is thus possible to identify leaks within the distribution system by analyzing the information related to pipe network system.
Risk analysis
The source-pathway-receptor model as shown in Fig. 2 below is important to identify risk of water supply system. The source-pathway-receptor model indicates that a hazard itself cannot possess risk unless there is a feasible pathway through which hazard may pass from the source to the receptor. Fig. 2 . Source-pathway-receptor model [24] .
In risk analaysis, severity is measured in terms of the number of people being affected and the likely impact on those people from very little to lethal impact. Impact varies based on the type of hazards for examples pathogens and large scale pollution by chemicals may lead to mortality, whereas lower levels of chemical exposure may lead to morbidity. Both short-term and long-term exposures in relation to the impact should be taken into consideration for defining severity. Exposure of toxic chemicals such as arsenic possesses long-term affect resulting into higher severity as compared to non-toxic chemicals having shortterm impact. The geological characteristics of the site such as vulnerability to flooding, layout of pipe network on soft clay will be more prone to pipe failures and leakage. The leakage in major transmission pipes will affect more people as compared to subsidiary pipes affecting less people. The area being densely populated will have higher impact as compared to less densely populated area. The poorer communities will be more vulnerable to health impact as compared to the effluent communities who have much better access to health service.
Risks can be identified at various stages, and prioritized in terms of likelihood and severity [25] . A riskranking matrix addresses both likelihood and severity. In this case, semi-quantitative ranking system is used by allocating numbers to different levels of likelihood and different levels of severity. A risk score is then calculated as a product of likelihood and severity as shown below: Risk = Likelihood * Severity
The selection of the criteria and the weighting used for different criteria with descriptions are provided in Table 1 below as there is no uniform 'industry standard'.
Source
Pathway Receptor The weightings used in Table 1 were applied for risk assessment of water system in South-East Water, Australia [26] and in Uganda [27] . The risk score ranging from 0-0.08 indicates very low risk based on the livelihood and severity, the score of 0.081-0.16 indicates low risk, the score of 0.17-0.36 indicates moderate risk, the score of 0.37-0.64 indicates high risk and the score over 0.64 indicates very high risk. Assessing the likely impact of the severity of distributed water supply through pipeline is based on the following severity scale resulted from water borne diseases as shown in Table 2 . Very high risk indicates that the water contamination takes place by faecal pollution from the area resulting from leak at least once a day or a week and at least over 30% people are vulnerable. High risk arises when the water contamination occurs due to leaks at least once a week to a month and at least 5-30% people are vulnerable. Moderate risk occurs when 1-5% people are vulnerable resulting from leaks at least once a week to a month. Finally, there is a low risk when the pipe exposes to leak at least once a month to a year, affecting, less than 1% of the population in the area.
The population densities for various zones are calculated. Population exposed to contamination is calculated by multiplying the population density with the buffer area having a radius of 100 m around each number of points where leak is detected as shown in Table 3 . The risk analysis was carried out based on the frequency of occurrence or likelihood and severity in terms of exposed population and risk score is calculated as per Table 4 . The number of leaks for various zones of Dhaka city were obtained from DWASA and analysed as shown in Fig. 3 . A risk map as shown in Fig. 4 is prepared based on based on obtained score. It is observed that Zone IV is a very high risk zone in terms susceptibility to leaking. The Zone IV has the highest leak of 93 per month and major leak occurred during the month of April. Zone IV consists of Mirpur area with 1,575,083 people exposed to water contamination. The poor infrastructure comprising of old aged pipes, low lying areas often water logged during rainy season followed by a number of illegal connection is the major reason. The roads are frequently dug and pipelines are affected. However, DWASA awarded TEDAGUA for the restoration of the water conduits in Zone IV of Mirpur area by replacing a total of 509 km (diameters 90 -600 mm) made of high-density polyethylene (348 km) and PVC (161 km).
The requirement for water demand in Zone IV is 320 MLD while it can produce only 185 million litres per day with existing facilities. There is a shortage of 135 MLD and to overcome this shortage the zone authority has to ration water. Zone II, III, V and VI comprising Hazaribag, Mohammadpur, Kafrul and Tejgaon respectively are old and congested areas with poor infrastructures are considered as high risk zones as shown in Table 3 . A number of slums are located in these areas and sometimes there are illegal connections made through the major pipes resulting in leakage and wastage of water. Zone VI is an industrial area having many food processing and beverage industries. The wastage of water resulting from leakage may affect businesses indirectly by affecting water used for cooling and food production. The Zone I, VII, VIII, IX and X are moderate risk zones. Zone VIII comprising of Gulshan area, has the least average number of 10 leaks per month. Gulshan is mainly a residential area with dwellers from affluent society. A number of houses and offices in these areas use bottled water due to affordability. The area was developed in the late 80s and the old pipelines were replaced with new ones very recently. There are couple of slum areas (one of them Korail Slum, largest in Dhaka) around the area where some illegal water connection may exists resulting in leaks. Zone IX consists of Basundhara area has moderate risk where development took place quite recently and the pipelines are still in good conditions. The monthly average number of leaks is 24 due to poor condition of existing roads resulting from movement of heavy traffic for construction of new buildings. Zone I and VI comprising of Motijheel and Ramna are old and congested areas and old pipes were replaced very recently with the new ones and hence the risk is moderate.
Conclusions
Risk assessment with risk matrices and analysis of risk using weighting and scoring is a useful method. Zone IV having an area of 29.98 sq. km possesses very high risk with 1,571,960 people vulnerable. The Zone II, III, V and VI have high risks followed by other Zones I, VII, VIII, IX and X as moderate risk zones. By developing risk assessment, the authority of DWASA will be able to take necessary measures to divert more resources to the very high risk zone and carry out regular monitoring to develop operational plans and identify key priorities for action. Upgrading water supply based on risk assessment can reduce vulnerability of people being affected by water borne diseases. A number of factors such as age of pipes, vulnerability to flooding, pipe materials and layout subjected to frequent excavation or repair works of roads along the pipelines are responsible for leaks. The water gets easily contaminated where leak occurs and severity is more where population density is rather high. Water shortages are anticipated to rise in the coming days influenced by further growth of population and impact of climate change. Therefore, it is important that DWASA prepares an effective plan in monitoring leaks and reduce system loss to make the distribution system more effective.
